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Abstract: In this study, a coplanar waveguide-fed compact microstrip antenna design for applications operating at higher 5G bands was proposed. The antenna with the compact 
size of 8 x 12.2 mm2 on FR4 substrate, having the dielectric constant of 4.3 and the height of 1.55 mm, was considered. The dimensions of the radiating patch and ground plane 
were optimized with the use of artificial cooperative search (ACS) algorithm to provide the desired return loss performance of the designed antenna. The performance analysis 
was done by using full-wave electromagnetic package programs based on the method of moment (MoM) and the finite integration technique (FIT). The 10 dB bandwidth for return 
loss results obtained with the use of the computation methods show that the proposed antenna performs well for 5G applications operating in the 24.25 – 27.50 GHz, 26.50 – 
29.50 GHz, 27.50 – 28.35 GHz and 37 – 40 GHz frequency bands. 
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1 INTRODUCTION 
Recently, the rapid development of systems such as 
short-range communication, online music and video services, 
smart systems, health diagnostic and treatment devices, and 
the internet of things (IoT), which require high-quality voice, 
video and data access with high speed, has led researchers to 
research and develop fifth-generation (5G) mobile 
communication technologies [1, 2, 11-19, 3-10]. It is 
foreseen that the need for mobile traffic in the coming years 
will be much higher than the amount needed today. 5G 
mobile communication technology enables high-speed data 
transfer covering wide areas and meets requirements such as 
high capacity, security, and reliability, allowing to reduce 
latency and power consumption. 5G technology, which is 
among the most important developments of recent years, is 
thought to provide development in many fields such as 
economic development, education, health, defense, 
transportation, and energy systems [1, 2, 11-19, 3-10]. 
Electronic devices such as refrigerators, air conditioners, 
ovens, air conditioners, and other digital services in daily use 
will become remotely manageable thanks to 5G technology. 
Since it has such a wide range of applications, the frequency 
spectrum to be allocated for 5G communication is of great 
importance. 5G is being conducted by various countries and 
companies in various ranges of frequency spectrum, such as 
sub-6 GHz spectrum covering 1.427 GHz to 1.518 GHz, 1.69 
GHz to 2.2 GHz, 2.30 GHz to 2.69 GHz, 3.30 GHz to 5.00 
GHz bands and 24.25 GHz to 27.50 GHz, 26.50 GHz to 29.50 
GHz and 37.00 GHz to 40.00 GHz frequency bands. 
However, due to the low atmospheric absorption rate, it is 
thought that 5G applications will concentrate mostly on the 
Ka-band [1, 2, 11-19, 3-10]. 
Reductions in the size of abovementioned systems 
necessitate the development of millimeter-wave antennas 
having both high performance and smaller size [20-23]. Due 
to their impressive advantages such as low weight and 
volume, low production cost, small dimensions, planar 
structure, ease of design and manufacturing, and easy 
integration with solid-state circuits, microstrip antennas 
(MA) have been the focus of interest for researchers 
designing antennas for 5G applications. However, 
conventional shaped microstrip antennas with triangular, 
rectangular, and circular configuration have limitations such 
as low gain and narrow bandwidth. To overcome these 
limitations, the geometries of the microstrip antennas are 
modified in various ways to have characteristics such as high 
gain, wide bandwidth, and multiple resonance frequencies 
[20-23]. One of the methods used to increase bandwidth is to 
change the feeding structure of the antenna. Coaxial-fed 
microstrip antennas have a very narrow bandwidth, whereas 
coplanar waveguide-fed (CPW) microstrip antennas have a 
broad bandwidth. In order to provide multiple frequency 
band performance, making modifications on the radiation 
geometry and ground plane of the antenna is widely preferred 
in antenna design. The microstrip antennas obtained by 
making modifications on the geometries of conventional-
shaped antennas are called as compact microstrip antennas 
(CMA). The analysis of CMAs is complicated due to the 
complexity of their structures, and computer-aided full-wave 
electromagnetic computation software based on the 
techniques, such as finite element method (FEM), finite 
integration method (FIT), finite difference time domain 
(FDTD) and method of moments (MoM), is needed to 
perform the required calculations [24-26]. The performance 
of microstrip antennas operating at high frequencies is 
severely affected by the change in physical dimensions. 
Therefore, artificial intelligence optimization techniques are 
used in the design of antennas that can meet the desired 
performance criteria. In the literature, there are studies 
related to CMA design using optimization techniques such as 
artificial bee colony (ABC) [23, 27-29], ant colony 
optimization (ACO) [30-32], differential evolution (DE) [33-
35], genetic algorithm (GA) [30, 31, 34, 35] and particle 
swarm optimization (PSO) [34, 35]. Jian et al. [36] designed 
an antenna using a hybrid optimization algorithm, particle 
swarm ant colony optimization (PSACO) algorithm, 
operating at the center frequency of 28 GHz. They verified 
the reliability of the PSACO that they used to optimize the 
antenna's dimensions with the use of Elman Neural Network 
(ENN) model. Akdagli and Ustun [37] designed a microstrip-
fed rectangular microstrip antenna with a modified ground 
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plane using the new hybrid optimization algorithm that they 
proposed using the ABC and DE algorithms. The outer 
dimensions of the proposed antennas vary between 19.20 × 
16 mm2 and 62.21 × 51.90 mm2. In another study of Jian et 
al. [38], a millimeter-wave antenna was designed using a new 
hybrid optimization algorithm with the imperial competition 
algorithm (ICA) and ant colony algorithm (ACO), operating 
at a frequency of 28.5 GHz. 
This paper aims to propose a coplanar-wave guide 
(CPW) fed compact microstrip antenna for future 5G 
applications. The designed antenna has a low profile with the 
volume of 8 × 12.2 × 1.55 mm3 and operating between 24.14 
GHz – 32.40 GHz and after the 33.72 GHz. To achieve the 
best performance characteristics for 5G applications, the 
optimization process of the proposed antenna dimensions is 
performed using the ACS algorithm, and the FIT technique 
is utilized for the simulation and performance analysis of the 
antenna. The obtained antenna has compact dimensions and 























Figure 1 Top view of the proposed antenna 
2 ANTENNA DESIGN 
The presented antenna for 5G applications, operating in 
the range of the 24.25 – 27.50 GHz, 26.50 – 29.50 GHz, 
27.50 – 28.35 GHz, and 37 – 40 GHz frequency bands, is 
shown in Fig. 1. As shown in the figure, the antenna has 
symmetrical radiating branches on both sides of the 
trapezoidal radiating patch, and both ground planes modified 
by adding thin rectangular elements. The proposed antenna 
is fed with a 50 Ω SMA connector. Initially, the sizes of the 
radiating arms determined considering the wavelengths of 
each frequency. Subsequently, the dimensions are optimized 
to give the desired performance criteria related to 10 dB 
bandwidth for return loss.  
The values of the physical parameters of the antenna, 
shown in Fig. 1, are given in Tab. 1. 
Table 1 Physical dimensions of the proposed antenna (in mm) 
D1 D2 D3 D4 D5 D6 D7 D8 D9 
2.21 0.44 0.16 0.70 1.02 0.31 0.81 0.87 0.31 
D10 D11 D12 D13 D14 D15 D16 D17 L 
0.30 2.89 0.70 1.00 0.71 3.20 1.00 1.57 8.00 
W GL GW SL SW g A1 A2 A3 
12.20 3.40 5.00 4.00 1.31 0.10 51.34° 78.69° 45.00° 
A coplanar waveguide feeding structure is used to feed 
the designed antenna. The lengths of the microstrip feeding 
line and the ground planes are 1 mm and 3.4 mm, 
respectively, while the widths of both ground planes and 
microstrip line are 5 mm. The length of the gap between the 
microstrip line and the ground planes is taken as 0.1 mm. The 
radiating patch, microstrip line, and ground planes are placed 
on the top side of the FR4 substrate having the dielectric 
constant of 4.3, the height of 1.55 mm and the loss tangent of 
0.02. The antenna is entirely symmetrical concerning the y-
axis. 
3 ANTENNA OPTIMIZATION 
The resonance frequency for an antenna operating at 
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In Eq. (1), f, c, εeff, L and W parameters represent the resonant 
frequency of the antenna, effective dielectric constant, length 
of the antenna and width of the antenna, respectively, while 
m and n parameters represent the operating mode of the 
antenna. The effective dielectric constant value in Eq. (1) is 
calculated by the formula given in Eq. (2) [39, 40]. 
r r
eff







= + +  (2) 
where εr and h represent the dielectric constant value of the 
substrate and the height of the substrate, respectively. As 
seen in Eq. (1) and (2), the operating frequency of an antenna 
mainly depends on the dielectric constant of the material and 
the physical dimensions of the radiating patch. Since the 
height of the substrates that can be used to fabricate the 
antenna is standard, the dimensions of the antenna elements 
should be optimized to achieve the desired bandwidth 
characteristic. The bandwidth characteristic of an antenna is 
determined by the return loss graph, which is generated by 
calculating the formula given by Eq. (3) for each frequency 
[39]. 
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where zL and z0 represent the characteristic impedance of the 
antenna and the free space, respectively. As given in Eq. (3), 
the return loss represents the degree to which the antenna 
impedance is in agreement with the free space impedance. In 
this study, since the antenna is fed through a single port, the 
return loss value is considered only for S11. In order to say 
that the designed antenna performs well in the desired 
frequency band, the bandwidth characteristic of the antenna 
should be below −10 dB reference level. Accordingly, the 
cost function for the desired performance should be set so 
that the parameter S11 is below −10 dB. The cost function 
used in the optimization process of the proposed antenna is 
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11, calculated 11, desired








The C conditional cost term, used in Eq. (4), is given in Eq. 
(5). N, S11, calculated and S11, desired parameters represent the count 
of the desired frequency points, calculated S11 parameters 
obtained with the help of the computational methods and 
desired S11 values, respectively. 
4 ARTIFICIAL COOPERATIVE SEARCH ALGORITHM FOR 
DIMENSION OPTIMIZATION 
Artificial Cooperative Search (ACS) is a swarm-based 
optimization method that depends on the movement of two 
biologically interacting artificial superorganisms to obtain 
the global minimum value of the real-valued numerical 
optimization problem [41]. The amount of food that can be 
obtained from a particular region in nature is susceptible to 
seasonal climate changes. Due to this, some of the 
superorganisms migrate seasonally between different feeding 
regions. Superorganisms with such migration behavior are 
capable of moving from a living habitat with a decrease in 
the quantity and diversity of reserves it offers to a more fertile 
environment. In most species, the large number of members 
coalesce to form a superorganism before journey. Then, the 
more productive regions of the superorganism begin to 
migrate. Before migration, superorganisms can be divided 
into sub-superorganisms. Under these conditions, the 
coordination of the sub-superorganisms determines the 
behavior of the superorganisms [41]. 
In the ACS method, a superorganism, which consists of 
arbitrary solutions to the dilemma, corresponds to an 
artificial superorganism that migrates to further efficient 
nutrition spaces. The ACS method is form on two 
superorganisms defined as α and β, which are artificial sub-
superorganisms equal to the size of the community, N. These 
sub-superorganisms hold as many individuals as the size of 
the problem, D. In the ACS, artificial sub-superorganisms, 
Predator and Prey, are detected using α and β 
superorganisms. Predator sub-superorganisms in the method 
can track Prey sub-superorganisms for some time while 
migrating to the global minimum level [41]. 
Figure 2 The flowchart of the ACS algorithm 
The individuals of ith sub-superorganism of the two 
superorganisms take the values determined by the Eq. (6) and 
(7) as initial values. 
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( ), ,i j g j j jrnd up low lowα = ⋅ − +                                        (6) 
( ), ,i j g j j jrnd up low lowβ = ⋅ − +                                        (7) 
 
where i = 1, 2, …, N and j = 1, 2, …, D while g = 0, 1, 2, …, 
maxcycle. The variable g stands for the iteration number, 
called coevolution, and rnd is the random number chosen 
from the uniform distribution in the range of [0 1]. The upper 
and lower limits of the jth dimension are defined by the 
variables of upj and lowj.  
The fitness values calculated by the sub-superorganisms 
are given by Eq. (8) and (9). 
 
, ( )i iy fα α=                                                                        (8) 
, ( )i iy fβ β=                                                                        (9) 
 
Since this study is on antenna design and optimization, the 
rest of the algorithm is given in Fig. 2 with the flowchart. 
Detailed information about the algorithm is available in the 
literature [41]. 
 
5 NUMERICAL RESULTS 
 
The antenna dimensions are optimized by the help of 
artificial cooperative search (ACS) algorithm. The 
computations related to the antenna, which is designed 
according to the obtained dimensions, were made by the full-
wave electromagnetic solvers based on the moment method 
(MoM) and finite integration technique (FIT). The return loss 
curves of the designed antenna are shown in Fig. 3. 
 
 
Figure 3 The comparison of the return loss curves obtained by the method of 
moments (MoM) and finite integration technique (FIT) 
 
As can be seen from the figure, the return loss of the 
designed antenna is actually below the resonance reference 
value of −3 dB, where more than half of the incident power 
is radiated, throughout the desired frequency band. However, 
the radiation of more than 90% of the indicated power shows 
that the antenna performs well. According to the return loss 
result obtained by the MoM, it can be said that the antenna 
performs well in the range of 25.58 GHz – 30.24 GHz and 
after the 33.04 GHz frequency. In the frequency band up to 
25.58 GHz, the antenna operates but cannot provide the 
higher performance. When the return loss values obtained by 
the FIT technique are considered, it can be said that the 
antenna performs well between the 24.14 GHz – 32.40 GHz 
range and after the 33.72 GHz frequency. Although there are 
discrepancies between the return loss results obtained by two 
methods around the frequency of 24 GHz, the curves are in a 
good agreement with each other approximately 26 GHz and 
later. Although most of the existing substrates perform well 
for the applications operating under the 10 GHz frequency, 
they experience performance degradation for the mm-wave 
band due to dielectric loss and dispersion. In this sense, the 
performance loss can be experienced for inadequate quality 




Figure 4 The comparison of the radiated power ratio curves obtained by the 
method of moments (MoM) and finite integration technique (FIT) 
 
   
(a) (b) (c) 
  
(d) (e) 
Figure 5 The surface currents of the designed antenna for (a) 24 GHz, (b) 28 GHz, 
(c) 32 GHz, (d) 36 GHz and (e) 40 GHz 
 
As it is seen from the radiated power curve obtained from 
the MoM, approximately 54.14% of the incident power is 
radiated at the 24 GHz frequency, and 57.40% of the incident 
power is radiated at the 24.15 GHz frequency. However, it is 
seen from the figure that more than 80% of the incident 
power is radiated to the air. According to the FIT, 
approximately 86.52% and 89.71% of the incident power are 
radiated at the 24 GHz and 24.15 GHz frequencies, 
respectively. The curve shows that the designed antenna 
radiates more than 90% of the incident power throughout the 
desired frequency band. 
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Figure 6 The simulated radiation patterns of the designed antenna for azimuth, ϴ = 90°, at (a) 24 GHz, (b) 28 GHz, (c) 32 GHz, (d) 36 GHz and (e) 40 GHz frequencies 
Figure 7 The simulated radiation patterns of the designed antenna for elevation, ϕ = 0° (solid) and ϕ = 90° (dotted), at (a) 24 GHz, (b) 28 GHz, (c) 32 GHz, (d) 36 GHz and (e) 
40 GHz frequencies
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The figures of the surface currents of the proposed 
antenna at five frequencies between 24 GHz and 40 GHz are 
given in Fig. 5. 
As can be seen from the figure, surface currents are 
concentrated at the edges of the radiating patch and the 
ground planes. The frequencies provided by the arms of the 
radiating patch can be seen from Fig. 5(a) – 5(e). Also, 
simulation studies have been carried out on the radiation 
patterns of the designed antenna. The radiation patterns 
obtained by simulations are shown in Fig. 6 and Fig. 7. The 
azimuth plane radiation patterns for five different frequencies 
in the range of 24 GHz to 40 GHz at θ = 90° are given in Fig. 
6. 
The radiation patterns for the azimuth plane of the 
designed antenna have a weakened shape from the back and 
sides, as seen from Fig. 6. The radiation is weaker at 270° for 
24 GHz, 210° and 330° at 28 GHz, 191° and 348° at 32 GHz, 
and 270° at 40 GHz frequency but the radiation at almost all 
frequencies is higher at 90° direction. 
Unlike the azimuth plane, the radiation patterns of the 
proposed antenna for the elevation plane shows almost 
omnidirectional antenna characteristics, as can be seen from 




A novel coplanar waveguide-fed compact microstrip 
antenna for future 5G applications is presented. The proposed 
antenna design easily achieves the broadband performance 
required for 5G applications between 24 GHz and 40 GHz 
frequencies. The antenna with the compact size of 8 × 12.2 
mm2 on FR4 substrate, having the dielectric constant of 4.3 
and the height of 1.55 mm, is considered. Afterward, the 
dimensions of the radiating patch and ground plane are 
optimized using artificial cooperative search (ACS) 
algorithm to provide the desired 10 dB bandwidth 
performance. The results obtained by performing separate 
simulations of the optimized antenna based on two different 
methods show that the characteristics of the antenna meet the 
desired performance criteria. The proposed antenna is 
thought to be beneficial for patch antenna designers and 
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